Three surveys of total urinary protein quantitation have been carried out in 350 UK laboratories. The seven specimens comprised buffered saline or normal human urine with added human serum albumin or human serum, or urine from individuals with nephrotic syndrome. Principal method groups were: turbidimetry (57vo), dye binding (25%) and biuret (15%). For all surveys, overall between-laboratory agreement was poor (CV22*8% to 57. Ivo), with ranges of results from 24-fold (0*83-2Og/L)
to 366-fold (0.05-18-3 g/L); there was no improvement with time. The most popular method (sulphosalicylic acid turbidimetry) consistently performed the worst, and performance of the direct biuret procedure was also unacceptable; both methods should be discontinued. There were no significant differences in performance between the other major method groups, and none can be specifically recommended. Within the individual calibrant groups, least variation was observed with human serum. A common calibrant for all participants yielded significantly better between-laboratory agreement for all methods except sulphosalicylic acid turbidimetry.
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External quality assessment schemes (EQASs) in the USA's2 and Australasia3n4 have demonstrated that total urinary protein is one of the worstperformed laboratory analyses, showing marked inaccuracy and poor between-laboratory agreement. In the UK a regional scheme5 and national surveys with protein-free solutions6 have indicated that the situation may be no better.
To assess more fully national performance in the UK, specimens containing weighed-in quantities of human serum proteins and authentic urines from patients with pathological proteinuria were used in surveys by the UK EQAS for General Clinical Chemistry. Here we present the results from approximately 350 laboratories, derived from three surveys over a period of 15 months, and discuss some of the problems associated with the quantitation of total urinary protein.
SCHEME ORGANIZATION

Participants
Laboratories participating in the UK EQAS for
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General Clinical Chemistry were asked to give details of their method and calibrant ( Table 1) .
Specimens
Normal human urine was obtained from a healthy laboratory worker, and normal human serum was provided by the National Blood Transfusion Service. Pathological urine was obtained from two individuals with the nephrotic syndrome. All donors, who gave informed consent, were negative for hepatitis B surface antigen and antibody to human immunodeficiency virus. Base material was stored at -70 "C until required, and then centrifuged. Crystallized human serum albumin was obtained from Sigma Chemical Company Ltd (Poole, UK).
Seven liquid specimens preserved with sodium azide (15 mmol/L) were prepared ( Table 2) . For I A , 4A and 6A, human serum albumin was weighed directly into the liquid matrix at the concentrations stated (Table 2) . For 2B, after determination of the total protein concentration by refractometry the serum was diluted with ascribed to any specimen. Specimens IA, 2B, and 3C comprised the first distribution, and 4A and 5B the second; 6A and 7B, circulated I5 months after the first survey, comprised the third and final distribution. 4A and 6A were included with 5B and 7B, respectively, as common reference preparations (see Calibration studies below), the value assigned to each being the overall trimmed mean.
Data processing
The mean, SD and CV were calculated for all results, and also for each method group with > 10 participants, then recalculated after exclusion of any results >2SD from the untrimmed mean. These procedures follow standard UK EQAS practice, the mean and CV after outlier exclusion reflecting consensus values and dispersion; the conclusions drawn were supported by visual inspection of the distribution of the data. The significance of differences between trimmed means was calculated by Student's t test with Bessel correction for small samples, and differences between CVs by the Fisher variance ratio test.
Reports to participants
Following each distribution, a report containing the statistical analysis for each method group (mean, SD, CV and number of results) was sent to every participant; also included were histograms to show the range of results received. Each report was followed by a letter containing a detailed analysis of the data, outlining comparative performance of methods, highlighting particular problems, and inviting comments.
Calibration studies
To assess the contribution to overall variation of differences in calibration procedures, data from the two nephrotic proteinuria specimens were reprocessed, using the human serum albumin specimen distributed with each as a common reference preparation. Each laboratory's result for the pathological material was recalculated using its result for, and the value (the overall national mean) assigned to, the 'reference' specimen.' Recalculated means, SDs and CVs were then generated as before, and the two sets of data were pooled. To assess the comparative performance of calibrants, results for all specimens received within each individual calibrant group were pooled. Trimmed means and CVs were derived, and variances compared, as before.
RESULTS
Methods and calibrants
Turbidimetry following protein precipitation comprised the largest method group ( Table 1) . The most popular precipitant, used by about one third of all laboratories, was sulphosalicylic acid (SSA), followed by sulphosalicylic acid with added sodium sulphate (SSA/SS), trichloroacetic acid (TCA) and benzethonium chloride (BenzC1). Dye-binding techniques were used by a quarter of participants. Approximately half of these precipitated proteins prior to reaction with Ponceau S or Coomassie Blue, whereas the remainder used a direct reaction with Coomassie Blue. The biuret reaction was used by 15% of laboratories, most with prior precipitation of protein but 11 without. Nine laboratories using unspecified or other dyes or precipitants were placed in a miscellaneous group.
Human serum was the most popular calibrant, followed by human serum albumin, bovine serum albumin and bovine serum ( Table 1) . Approximately one third of laboratories, however, failed to specify their calibrant. 
Means and ranges
The composition of the circulated material, weighed-in value (where appropriate) and overall statistics are given in Table 2 . For the majority of specimens there was close agreement between the national mean and the expected (weighed-in) value, but CVs for all were high. The worst agreement (CV 57.1%) was seen at the lowest protein concentration (specimen 3C). Furthermore, the range of results reported for each specimen was wide, from 24-fold (5B) to 366-fold (1A); Fig. 1 shows a typical distribution of results. The comparative performance of the major method groups is shown in Table 3 . The mean for SSA turbidimetry was significantly higher (PcO-05) than for all other methods except direct biuret. Similarly, the between-laboratory agreement for SSA turbidimetry (CV 44.0%) was significantly worse (PcO-01-0-05) than all other methods. There were no other significant intermethod differences, but CVs for all were high (1 5 * 3-24.OVo).
Calibrant variation
The effect of recalculating the data from specimens 5B and 7B using specimens 4A and 6A, respectively, as a common calibrant is shown in Table 4 . There was a significant improvement ( P c 0.01 -0.05) in between-laboratory agreement for all methods except SSA turbidimetry. In many instances CVs were approximately halved, and this is reflected in an improved overall CV Figure 2 shows the distribution of all results received for specimen 7B (CV 3 1 -0%) before reprocessing ( Fig. 2a) , with the distribution after recalculation (Fig. 2b) . The scatter in Fig. 2b is substantially reduced, reflected in a significantly improved overall CV of 18.1% (P<O-Ol).
and with a common reference preparation. Data pooled from specimens 5B and 78
Mean between-laboratory CV after exclusion of the 2SD outliers, without
Method
The comparative performance with the different calibrants is shown in Table 5 . When results from all methods were combined, significantly less variation was observed in the human serum group (CV 25.7%) than in the other three (P=O.O5), which did not differ significantly. Exclusion of results from the SSA method group produced significantly lower CVs for all four calibrants (PcO-01). Less variation was again observed with the serum-based materials, human serum as before giving the lowest CV (15.9%). The differences between the individual materials were, however, not statistically significant.
DISCUSSION
Previous EQA studies leave little doubt that total urinary protein estimation in the USA1v2 and Australasia) was unsatisfactory. More recent surveys indicate that the introduction of EQA programmes has produced little improvement4 (Weaver DK, College of American Pathologists Chemical Resource Committee, personal communication, 1988). Despite these studies, the results of which have been widely available for several years, it is apparent that similar problems affect national performance in the UK, the surveys reported here confirming previous indication^^*^ that the laboratory estimation of urinary total protein is equally and unacceptably poor. The reasons for this are multifactorial and are not always clear. Certain factors, however, can be identified (but not always controlled) and are discussed in detail below. These include the heterogeneous nature of the analyte, probable lack of standardization of reaction conditions within individual methods, and variation between reference preparations and calibration procedures.
One of the principal factors influencing the determination of urinary total protein is the presence of a complex mixture of proteins, the composition and quantity of which are determined by the type and severity of the underlying cause of proteinuria. This variable is inherent and uncontrollable. Different proteins produce different responses within a method, the extent of which is method-dependent;8-10 such differential reactivity also affects calibration materials, whether serum or albumin and whether of human or bovine origin." Table 1 demonstrates the variety of method principles in current use in the UK, and the similar 
FIGURE 2. Distribution of all results for specimen 78 (urine from a patient with nephrotic syndrome). (a) Results received from participants. (b) After recalculation using specimen 6A as a common reference preparation.
diversity in choice of calibrant. The combination of these factors may in large part account for the great variability in results ( Table 2, Figs 1 and 2a) .
The specimens distributed were designed to assess performance with mixtures of proteins (normal human serum, nephrotic proteinuria) and a single protein (human serum albumin). Table 2 confirms that performance is poor regardless of specimen composition, and between-laboratory agreement deteriorates with decreasing protein concentration (e.g. specimens 4A and 3C). In common with the findings from Australasia and and despite the issuing of reports and detailed letters of discussion to all participants after each distribution, there was no improvement during the course of the surveys, the performance for specimens 6A and 7B being little different from that for 1A distributed 15 months earlier.
The reasons for this are unclear.
Several detailed laboratory-based investigations have been made of individual r n e t h o d~,~-~'~'~ and one procedure, Ponceau S dye binding following protein precipitation, has been recommended for routine use.8*11 When assessed on a national scale, however, none of the major methods (including Ponceau S) is demonstrably superior ( Table 3) . This may reflect differences in actual procedures within individual methods, and it is possible that careful standardization (reagent composition and strength, temperature control, sample : reagent volume ratio, reaction time) might improve between-laboratory performance.
Investigation of all these particular factors in a national QA survey, however, is unfortunately impractical.
As in the USA2, Australasia3 and JapanI2, the most popular method was SSA turbidimetry, used by approximately one third of UK participants. This popularity, however, is unfortunate since SSA consistently performed worst, showing a significant positive bias and significantly greater variability (Table 3) . These findings are similar to those previously reported from the USA2 and A~stralasia,~ and thus reinforce previous suggestions that the SSA method is unreliable for the quantification of total urinary protein and should be d i s c o n t i n~e d .~s~~-~~ A positive bias was also observed with the direct biuret procedure (Table 3) though this was not statistically significant. This method is known to be inappropriate for the quantitation of total protein in urine due to the presence of interfering substancesI6 and should also be discontinued. There were no significant differences between the means or CVs (Table 3) for other methods (P>O-OZ) , and for all methods the latter were high (15.3-24-0%).
The results of the calibration exercise ( Table  4 and Fig. 2) demonstrate clearly that much of the observed between-laboratory variation can be ascribed to differences in calibration procedures. These would include the nature of the material chosen (serum or purified albumin), the species of origin (human or bovine), the purity of the preparation, and the care with which calibration standards are prepared and values assigned. Recalculation of the data against a common reference preparation improved performance significantly for all methods except SSA. Overall performance was only marginally better (P<O-O5), but exclusion of the SSA method group gave a highly significant improvement with the common calibrant (P<O-Ol). A similar exercise carried out by the US Urine Chemistry Survey Program produced essentially identical results." Though no generally-accepted single reference preparation is currently available in the UK, the results from these surveys ( Table 5) . and those from studies reported p r e v i o u~l y ,~~J~ suggest that betweenlaboratory variation is less with human serum calibrants than with albumin preparations.
Bovine materials are unsuitable for use with the SSA/SS method."
COMMENT
In summary, this series of UK EQAS surveys has shown that overall performance in the UK for the laboratory quantitation of total urinary protein is unacceptably poor, and similar to the situation in the USA and Australasia. Disappointingly, the surveys had little effect on overall variability. Much of the variation results from the diversity of calibration procedures. As with serum protein and enzyme activity assay^,^^^^ overall performance would undoubtedly be improved if a single reference preparation were to be adopted. Though there is no official recommendation, human serum appears to give the best between-laboratory agreement. Most of the methods in current use have similar performance when assessed on a national scale, and none can be recommended as being superior. SSA turbidimetry in particular, though still the most popular method, has unacceptably poor performance and should be replaced by alternatives, as should direct biuret. The deficiencies demonstrated have led us to suggest that total urinary protein assay might better be replaced by more specific investigations.
